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Abstract 
Substantial research into the occupational health and safety sector has occurred over 
the past forty years. However, it has generally focussed on statistical analyses of data 
related to costs and/or fatalities and injuries. There is a lack of mathematical modelling 
of the interactions between workers and the resulting safety dynamics of the 
workplace. There is also little work investigating the potential impact of different 
safety intervention programs prior to their implementation. This research involves 
applying mathematical modelling techniques coupled with data on work and safety 
practice to investigate workplace safety programs and improvement strategies.  
The survey of the literature points to a number of studies presenting outcomes 
or effects measured as a result of specific workplace safety interventions. This 
previous work provides important input data and points of reference for validation of 
the mathematical models developed in the research presented in this thesis. However, 
it is important to note that prediction of appropriate timing and frequency of safety 
programs has not yet been studied and presented in the literature. The research aims to 
fill this void by way of a theoretical study. 
The research presented in this thesis is focussed upon using the understanding of 
the key human factors involved in workplace safety coupled with the agent-based 
methodologies of human opinion dynamics modelling, and the mathematical models 
of epidemiology to build a better understanding of workplace safety dynamics and the 
potential for safety intervention programs to impact upon the safety dynamics. To this 
end, a prototype agent-based model of worker safety dynamics is developed and 
analysed under variations in key system parameters. The model is extended to 
investigate the impact on workplace safety dynamics of safety interventions such as 
“safe work month” as well as influential individuals. An ordinary differential equation 
model for dynamics of safety among a population of workers is also developed and 
numerically solved allowing for the investigation of workplace safety from a 
population, rather than individual, perspective. 
This thesis presents mathematical models of the interactions of workers 
exhibiting safe and unsafe behaviour. The mathematical models may be used as a basis 
for further investigation regarding Occupational Health and Safety (OHS) by 
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extending it to theoretically investigate the effects of safety investigation programs 
through computer simulation and mathematical analysis. 
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 Chapter 1: Introduction 1 
Chapter 1: Introduction 
1.1 MOTIVATION FOR THE RESEARCH 
The concept of health and safety within the workplace is not a new one. History 
has shown us that the health of workers has been considered, to ever increasing levels, 
over at least the last 400 years. In the 16th century, Spain produced a remarkable body 
of labour law, particularly law governing the health and safety of workers. The laws 
regulated the economy, established the rights of the worker and provided an avenue 
for the protection of workers’ health and safety (La Botz, 2004).  
The 1800s saw a revolutionary change to workplace law with the introduction of 
child labour and rudimentary safety law. This is seen quite widely within British 
Health and Safety Law with the introduction of the Health and Morals of Apprentices 
Act in 1802. (UK Parliament, nd). However, this Act only applied to the Parish 
apprentice children and those children who had been sent to work by their parents in 
the cotton and woollen textile mills. Interestingly, the Act allowed for a 12-hour 
working day for children, provision of cleanliness and ventilation, education and 
religious instruction and the principle that there should be some sort of inspection and 
enforcement of the laws (Aspinall and Anthony, 1959). In 1833 the British 
Government passed the Factories Regulation Act 1833. This piece of law established 
an inspectorate that was empowered to ensure that compliance was achieved with the 
Act (UK Parliament, nd). 
In the late 1800s and early 1900s fundamental law such as the Queensland 
Master and Servants Act 1861 was adopted in Australia for the rudimentary protection 
of workers in industry (Evans, Saunders and Cronin, 1993). Post the Second World 
War, on an international level, evidence of major progressive changes to workplace 
laws continued to be seen and industries themselves were introducing workplace 
reforms into their factories and workplaces (LaBar, 2008). 
History has shown that government bodies, legislators and citizens acknowledge 
the rights, albeit basic, of workers’ health and safety at the workplace. Hilgert (2013) 
reports that “World Congresses on Safety and Health at Work have been held every 
three years since 1955”. Hilgert goes on to report that in the 2011 (19th) World 
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Congress the notion of workplace health and safety being a fundamental human right 
was not only discussed but drafted in a statement and signed by the 33 labour ministers. 
In itself it was a “declaration” recognizing workers’ rights to workplace health and 
safety. The declaration being similar to that made at the 18th World Congress. Further, 
Hilgert acknowledges the complications affecting “a human right to safe and health 
work” including emerging safety problems such as chemical and biological hazards. It 
is these complications that should be drivers of specific health and safety changes in 
the production process and within the functioning of management at an operational 
level (Hilgert, 2013). 
More specifically, Australian workers within the construction industry are 
confronted with a variety of workplace health and safety hazards and risks that have 
the potential to lead to injuries ranging from very minor to life-changing and even 
fatal. Breslin (2007) notes that in Australia approximately 50 workers within the 
construction industry are killed each year and many more suffer life-changing injuries.  
The Cole Royal Commission (the Commission) into the building and 
construction industry reported that in 2001/02 the overall incidence of injury in the 
construction industry in Australia was 50% higher than the all-industries rate (Durham 
et al, 2002). The Commission research has shown that there are predominantly two 
major reasons for poor safety within the construction industry: firstly, the significant 
occupational health and safety hazards in the industry naturally contribute to poor 
safety; and secondly, the culture within the industry does not align itself to effective 
management of occupational health and safety risks (Durham et al, 2002). 
Over the last 30 years, health and safety interventions have been studied and 
their individual effectiveness, a posteriori, analysed. Researchers have used various 
techniques to investigate interventions such as surveys, questionnaires, cost-benefit 
analyses, scorecards and index systems. It is important to keep in mind that without 
real data and analysis of inputs (intervention activities) and outputs (incident 
prevention), representative effectiveness measurement is questionable (Haight and 
Thomas, 2003). 
There is little research discussing theoretical tools to determine and recognise 
the potential benefits of control measures prior to implementation. Haight and Thomas 
(2003) identify that the health and safety community, as a whole, needs a tool to 
determine the success of health and safety intervention activities in the prevention of 
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incidents. Such a tool should function to allow the health and safety community and 
industry to select and implement the right interventions for their specific organisations. 
Further, the tool should allow interventions to be implemented in an optimal manner 
with a resulting minimisation in workplace incidents and related safety costs. 
Clearly, the human and financial costs of workplace health and safety failings 
are high. While the literature suggests that health and safety and related management 
have progressed significantly in recent years, there is still much to be done to reduce 
costly outcomes of poor health and safety. Studies of health and safety interventions 
to date generally focus on examining effects after the implementation of some 
intervention. In this work we seek to build prototype mathematical models that allow 
organisations to predict, at least qualitatively, the impact of health and safety 
interventions on the workforce. 
1.2 BACKGROUND 
It is difficult to identify the exact number of people who die or are injured in any 
year as a result of a work-related incident as there is no single data collection system. 
In Australia there is a number of data collection systems such as the Workers 
Compensation system and for some larger companies, the Safety, Rehabilitation and 
Compensation Commission.  
The National Data Set for Compensation-based Statistics (NDS) includes work-
related deaths, but only where liability for compensation was accepted. The dataset, 
however has a number of flaws. It does not include self-employed worker incidents as 
the compensation is generally only available to employees of companies. The data 
does include commuting-related fatalities (eg. sustaining fatal injuries through traffic 
incidents to or from work), but not all such fatalities are compensable in all 
jurisdictions. Also, compensation is not available to people who die as a result of 
another person’s work activity (i.e. bystanders) and as such these deaths are not 
included in the NDS. For a best estimate, Safe Work Australia considers numerous 
datasets that contain information on work-related fatalities including the NDS (Safe 
Work Australia, 2012). 
In the 2009-2010 year, out of a total workforce of 12 million Australians, 5.3% 
suffered a work-related injury or illness. The loss in workplace productivity cost the 
Australian government an estimated $60.6 billion in workplace compensation payouts, 
 4 Chapter 1: Introduction 
or the equivalent to 4.8% of the gross domestic product. (Safe Work Australia, 2012). 
A study undertaken by Leigh (2000) suggests that lost productivity can be estimated 
largely by the human capital/lost wages approach as has been adopted by the Bureau 
of Transport Economics in a similar study to estimate the costs associated with road 
crashes in Australia in 1996 (Bureau of Transport Economics, 2000). Table 1 
represents a comparison of estimates of the economic cost of work-related incidents in 
three specific periods: 2000-01, 2005-06 and more recently 2008-09 (Safe Work 
Australia, 2012).  
The severity of the incident often dictates the associated costs with any work-
related injury or illness. That is, the more severe the incident, the more likely that the 
return to work will be longer. Further the costs will be greater if the medical treatment 
required is more rigorous. Table 2 summarises the distribution of work-related 
incidents by nature and severity category (Safe Work Australia, 2012). 
There is much emphasis on the variety and quantity of hazards that workers face 
within industry, in particular, the construction industry. The mere nature of the 
industry being transient, workers are confronted by a range of risks that can lead to 
injuries from very minor issues to life-changing and even fatal injuries. It is key to note 
that it is human behaviour that is the most difficult to change in addressing causes of 
workplace risk. In the workplace, a task can be adapted, the actual work can be 
changed and safety controls can be introduced, but without changes in human 
behaviour, workplace safety efforts will only be as successful as the weakest (human) 
link allows (Breslin, 2004). 
Many workplace hazards have been identified over the years, including manual 
task issues, working at heights, and pedestrian interaction with mobile plant. Such 
hazards can be quite costly for industry. Similarly, many types of expenses are faced 
by the construction industry when hazards are not effectively controlled. To name just 
a few, costs encountered by the industry include insurance payouts, public health costs, 
worker sick days and personal litigation costs (Bird, 2009). 
On both a national level in Australia and internationally, interventions are widely 
sourced by the construction industry to achieve the best control for hazards thus 
minimising the costs to the workplace from workplace incidents. It is widely 
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Table 1: Comparison of estimates of the economic cost of work-related incidents in Australia. 
Estimation period Economic agent Estimated cost ($b) GDP ($b)a Cost as % of GDP Workforce (millions)b 
2000-01 Total $34.3 $689.3 5.0% 9.09 
 Employer 3%    
 Workers 44%    
 Community 53%    
2005-06 Total $57.5 $967.5 5.9% 10.2 
 Employer 4%    
 Workers 49%    
 Community 47%    
2008-09c Total $60.6 $1253.1 4.8% 10.93 
 Employer 5%    
 Workers 74%    
 Community 21%    
a ABS Catalogue 5204.0, Australian System of National Accounts, 2008–09. 
b ABS Catalogue 6202.0, Labour Force Australia, May 2011. 
c Due to significant methodology revisions, 2008–09 estimate should not be compared with previous estimates. 
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Table 2: Number and distribution of work-related incidents by severity category, 2008-9a 
   Short 
absence 
Long 
absence 
Partial 
incapacity 
Full 
incapacity 
Fatality All incidents 
Injury 
Compensated % 63 28 8 1 0* 100 No. 163 000 73 000 22 000 1 500 276 259 800 
Not 
compensated 
% 68 24 7 0* 0* 100 
No. 122 600 44 000 13 300 900 124 190 900 
Disease 
Compensated % 46 32 21 1 0* 100 No. 29 500 20 100 131 700 400 81 63 800 
Not 
compensated 
% 49 45 31 1 2 100 
No. 22 200 48 500 33 100 1 000 2 129 106 900 
All cases 
Compensated % 60 29 11 1 0* 100 No. 192 500 93 100 35 700 1 800 357 323 500 
Not 
compensated 
% 50 32 16 1 1 100 
No. 144 800 92 500 46 400 1 900 2 253 287 900 
All cases % 55 30 13 1 0* 100 No. 337 300 185 600 82 100 3 700 2 610 611 300 
a National Dataset for compensation based statistics (NDS) and ABS Work Related injuries Survey (WRIS). 
* Percentage figures are rounded to the nearest 1%. Some figures that are less than 1% will appear as 0% in this 
table. For this reason, sub-totals may not match exactly with the relevant total. 
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accepted that governments legislate for some form of health and safety within the 
workplace. There is also an acceptance from industry for a tolerable level of risk. With 
the availability and application of the correct tool for analysing safety interventions, 
there is potential for this level of accepted risk to be greatly minimised (Haight and 
Thomas, 2003). 
Examples of current intervention programs include: legislated interventions such 
as high-risk work training, workplace training such as education for health and safety 
representatives, and specific company-led interventions that are incentive-based 
offering for example, some form of reward (monetary or otherwise) for incident-free 
days. 
Statistics provided by Safe Work Australia reported a decline in the incidence 
rate of serious claims in the construction industry in the 2012-13 year (see Figure 1). 
However, the rate remained higher than all other industries for that period. Note, a 
serious claim is categorized as “a workers’ compensation claim for an incapacity that 
results in a total absence from work of one working week or more” (Safe Work 
Australia, 2015). 
 
Figure 1: Serious claims: incidence rate per 1000 employees in the construction 
industry and in all industries, 2001-02 to 2012-13. 
 
Safe Work Australia also reported that over the period 2002-03 to 2013-14, 417 
construction workers died from injuries sustained at work, and these deaths accounted 
for 14% of all fatalities of Australian workers during this period. It is important to note 
that the data only reports on persons who die from injuries sustained while they are 
working. It does not include deaths attributable to disease and other natural causes, 
which may or may not be related to the workplace. The data shown in Figure 2 
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indicates a 36% decrease in the rate of fatalities within the construction industry (Safe 
Work Australia, 2015). 
 
Figure 2: Worker fatalities: incidence rates in the construction industry and in all 
industries, 2002-03 to 2013-14 
1.2.1 What impacts on workplace safety? 
A health and safety program is a system that is interactive and complex and 
involves the psychology of the people, a wide range of machine characteristics and a 
dynamic work environment (Haight and Thomas, 2003). 
A number of studies were conducted in the 1970s (Cleveland et al 1979; Cohen, 
Smith and Cohen 1975; Smith et al, 1977) to compare successful health and safety 
intervention programs with unsuccessful programs. The goal of the studies was to 
determine which, if any practices, were unique at the “record holding plants” in 
comparison to other plants. The companies that had lower rates of incidents were found 
to have had: 
• Greater management commitment and involvement in safety programs and matters 
• More humanistic approach in dealing with employees stressing frequent positive 
contact and interaction 
• Better employee selection procedures 
• More frequent use of lead workers to train employees versus supervisors 
• Better plant environmental qualities 
• Lower turnover and absenteeism among a stable work force. 
The studies were successful in differentiating the successful and unsuccessful 
operations. However, they lacked a method of determining which of the six processes 
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were the most effective in terms of lowering incident rates, and deciding what was the 
best intervention mix. To further develop such a method, consideration must also be 
given to the individual, the people within the organisation: in other words, the 
organisational culture. 
There have been many studies that evaluate safety performance, for example, 
Zheng et al (2012) developed the use of “fuzzy analytic hierarchy process” to evaluate 
the work safety and establish an early warning rating system for hot and humid 
environments. Oxenburg and Marlow (2005) introduce “the Productivity Assessment 
Tool” easily used by management within manufacturing workplaces to show, through 
analysis, the important financial role that safe and efficient workplaces play in the 
workplace. Many studies use a combination of qualitative and quantitative methods in 
arriving at a best estimate of what were the elements of success. Data is collected 
through interviews with Management and workers, a review of company 
documentation and questionnaires (Hale et al, 2010). Robson et al (2007) argues that 
the data used for evaluating safety performance is difficult to collect and can be open 
to bias, especially seen where the changes to be evaluated affect the willingness to 
report incidents and accidents. While, the literature addresses evaluation of safety 
performance, the processes of implementing interventions and evaluation of specific 
interventions, there is little in addressing any type of evaluation tool that can be used 
to assist Management in establishing what is the right mix, if any, of appropriate 
interventions. 
1.3 RELATED MATHEMATICAL MODELS 
1.3.1 Agent-based models on modelling human interactions 
The agent based model presented in Chapter 2 of this thesis is an adaptation of 
the “Bounded Confidence” model (see for example Deffuant et al 2000 and Weisbuch 
et al 2002). In the same manner as Meadows and Cliff (2012) re-examined the model 
of de-Groot (1974) relating to the relative agreement model of opinion dynamics by 
developing a model using a group of experts who were tasked in reaching an agreement 
of a particular topic, the model presented in Chapter 2 is an agent based model of 
worker safety dynamics and worker interactions (Meadows and Cliff, 2012). The 
model presented here is an adaptation of the Bounded Confidence model that describes 
“safeness" as a dynamic property of interacting worker agents. In this case, the 
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“safeness” level is parallel to that of the “individual’s opinion” as discussed in 
Meadows and Cliff (2012). This property can be altered through interaction with other 
workers. Specifically, change in safeness will occur when a worker interacts with 
another worker who exhibits a different level of safety behaviour, but still lies within 
a region of confidence such that the workers are not too dissimilar. The model is 
similar to that of Krause (2000), who presented an adaptation of the “Bounded 
Confidence” model, also known as the Hegselmann-Krause model, that built on the 
de-Groot (1974) model where the experts only considered the opinions of others with 
the proviso that they were not too dissimilar to their own (Krause, 2000).  
The “Relative Agreement” model developed by a team of researchers led by 
Deffuant was a further development and proposed as an extension of the “Bounded 
Confidence” model (Deffuant et al, 2002). The model shows pairs of agents that are 
randomly selected to interact. Each agent’s opinion is then weighted by the size of the 
overlap between the boundaries of the two agents (as a pair) (Deffuant et al, 2002). 
The model presented in Chapter 2 is similar, in that pairs of workers are selected at 
random to interact, however an interaction will only occur if the two workers are within 
the same safeness region of confidence.  
Preliminary qualitative results are presented in Chapter 3 and include an 
investigation of the effects on the steady state safety distributions due to different 
workforce sizes, co-worker interaction networks and the effect of the region of 
uncertainty. 
1.3.2 Infectious disease models 
There is a long history of mathematical modelling of infectious diseases 
including for example, the plague (Kermack and McKendrick, 1927; Raggett, 1982) 
and measles (Shulgin et al, 1998). In recent times, such modelling has been extended 
and modified to describe sexually transmitted diseases including chlamydia (Mallet et 
al, 2013). Such models are generally based on the SIR model (Kermack and 
McKendrick, 1927; Murray, 2002). The SIR modelling approach traditionally employs 
ordinary differential equations and seeks to explain the spread of infection in a 
population (of humans, cells, etc.) over a period of time by tracking populations of 
susceptible (S), infected (I) and recovered (R) individuals. The fundamental version of 
this model assumes that susceptibles can be infected by some sort of contact with 
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infecteds, at a rate proportional to the product of the sizes of the two populations. 
However it should be noted that other forms exist for the force of transmission. 
In the model presented in Chapter 4, we explore the dynamics of the workforce, 
in terms of safety classifications, using a modelling strategy similar to these SIR 
models of infectious diseases. We make a link between the SIR models of infectious 
diseases and the worker safety, by proposing that safe behaviour and unsafe behaviour 
can be transmitted in a similar way to an infectious disease. That is, the product of the 
sizes of the safe and unsafe populations determines the rate at which safeness is 
transmitted to unsafe workers. 
1.4 HYPOTHESES 
The mathematical model used within the research can be employed and extended 
to model the human behaviours and interactions that are deemed important to ensure 
the health and safety of workers within the workplace. The model developed by de 
Groot (1974) is used as the basis of this research. The de Groot model has been 
discussed in many papers (Friedkin, 1999; Meadows and Cliff, 2012) and used as a 
basis of many subsequent models. Given the parameters of this research in that the 
individuals (workers) are large groups with particular workplace safety behaviours, 
the de Groot model is useful but does not assist in explaining extreme convergence of 
groups of similar health and safety behaviours. As this research is based on real life 
occurrences, it could be argued that the convergence is outside the scope of the de 
Groot model. This is, in part, due to the de Groot model being merely an average of 
initial opinions (Meadows and Cliff, 2012). Hegselmann and Krause (2002) 
considered informing the opinion of an individual from a group of experts or 
individuals of like mind. The model demonstrated the individual would neither simply 
share their opinion nor disregard the opinion of another person but would consider 
opinions of others to inform their opinion.  
Similar to the Krause model, it is hypothesised that workers who are confident 
in their workplace safety behaviours will only consider the behaviours of other workers 
very close to their own. It is also hypothesised that there will be workers who are open 
to considering more differing workplace safety behaviours. In Krause's model, some 
experts may be so confident in their own opinion that they will only consider opinions 
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very close to their own while others will be open to considering more divergent 
opinions (Krause, 2000).  
It is also hypothesised that for a single extreme convergence of workers to the 
same behaviour there must be an initially large number of workers with that extreme 
behaviour regarding health and safety. Therefore, a larger group of workers with a 
confident view of health and safety will have a greater influence over those workers 
with a more moderate behaviour.  
As argued by Deffuant, it is hypothesized that there will be three possible 
outcomes from the simulations (Deffuant et al, 2002): 
1. The majority of workers with a moderate behaviour towards health and safety in 
the workplace will converge towards the centre; 
2. The number of workers within the primary group splits into two distinct groups of 
approximate equal size. One group converging towards changing their behaviour 
to advocating health and safety within the workplace. The other group remaining 
apathetic towards health and safety in the workplace; and 
3. The majority of the workers converging towards a single extreme view of health 
and safety in the workplace. 
It is also noted that an individual-based approach to modelling worker and 
workplace safety is not always the optimal modelling strategy. For example, for large 
workforces, computational simulation of individual models can become unwieldy and 
inefficient. Furthermore, population level interactions can be more easily modelled 
and analysed using alternative strategies. To this end, a population-based approach in 
the form of an ordinary differential equation model is noted to be more a more 
appropriate approach when considerations of the population as a whole are of interest, 
or when a sufficiently large population is under investigation. 
1.5 AIMS 
This research is focussed upon using the understanding of the key human factors 
involved in workplace safety coupled with the agent-based methodologies of human 
opinion dynamics modelling, and the mathematical models of epidemiology to build a 
better understanding of workplace safety dynamics and the potential for safety 
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intervention programs to impact upon the safety dynamics. To achieve this, the 
following aims are proposed. 
1. To develop a prototype agent-based model of worker safety dynamics. 
2. To analyse the workplace dynamics under variations in key system parameters. 
3. To extend the prototype model to investigate the impact of safety interventions 
such as 
a. “safe work month”, and 
b. influential individuals, on workplace safety dynamics. 
4. To develop and solve numerically an ordinary differential equation model for 
dynamics of safety among a population of workers. 
There seems to be a lack of mathematical modelling of interactions between 
workers and the impact on safety dynamics. Moving forward on this opportunity, this 
thesis presents mathematical models of the interactions of workers exhibiting safe and 
unsafe behaviour. The preliminary models may be used as a basis for further 
investigation regarding Occupational Health and Safety (OHS) by extending them to 
theoretically investigate the effects of safety investigation programs through computer 
simulation and mathematical analysis. 
1.6 THESIS OVERVIEW 
The understanding of relevant safety literature will be utilised to develop 
informed and relevant mathematical models of the worker interactions and effects of 
safety programs on worker behaviours. These models will use ordinary differential 
equations and/or agent-based frameworks. Computational methods will be developed 
and tested to investigate and solve the mathematical models. Computational 
simulations and mathematical analyses will be used to investigate the predictions and 
outcomes of the mathematical models.  
Chapter 2 introduces the fundamental or base model of workplace safety 
dynamics using the Bounded Confidence model as a starting point. The model is 
described and presented. 
Chapter 3 reviews the computational simulations and results. This chapter 
reviews the preliminary investigation into the model. Further investigation of the 
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model when the workforce size is effected, the effects of the co-worker network, radius 
of uncertainty, effect of experience-based behaviour satisfaction, the effect of Safe 
Work Week and the influence of safety advocates. 
Chapter 4 changes perspective to consider a population level investigation of 
workplace safety dynamics. A model comprised of ordinary differential equations is 
constructed to describe the dynamics in populations of safe, unsafe, healthy and injured 
workers who interact with each other and change each others’ behaviour. The model 
is solved numerically and simplified using a number of realistic assumption in order 
to facilitate some mathematical analysis. 
The thesis is completed by Chapter 5 where the conclusion and discussion are 
presented. Discussion of the results of analyses and simulations will revolve around 
the relevance and significance of findings to the workplace safety outcomes and to 
health and safety costs. 
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Chapter 2: Individual-based model 
2.1 OVERVIEW 
In a workplace, the safety habits of staff, are greatly dependent and influenced 
by management’s maintenance of implemented safety structures and specific 
government legislation, for example, the Queensland Work Health and Safety Act 
2011. Regulation provides for safe practices to become more common and without 
regulation the risk of injury or illness will increase. Business and industry will adopt 
health and safety intervention strategies whether independently or as required by 
governments. These strategies are employed to eliminate or minimise risks to health 
and safety of persons and to maximise safety conscience of workers and other persons 
at the workplace (Winder, 2009). The interventions include, but are not limited to, 
systems of work where a worker with limited safety conscience is “buddied” with a 
worker who demonstrates a high level of safety conscience, and health and safety 
“champions”; i.e. health and safety officers, the government inspired Safe Work Week 
(that is conducted over the month of October). Whilst the intervention may be costly, 
the objective for having the intervention is to potentially offset the costs associated 
with workplace health and safety incidents. In the current economic climate, limiting 
the running costs of a business is a huge consideration for companies (Vanderkruk, 
1999). The incorporation of mathematical models that describe safety dynamics and 
investigate the impact of safety programs running would be of great interest and value 
to industry (Thew et al, 2014).  
In this chapter, the fundamental, or base, model of workplace safety dynamics is 
introduced using the Bounded Confidence model as a starting point. We consider the 
workforce to be split into two groups: safe workers and unsafe workers. The workers 
interact on a daily basis and can alter the behaviour of the worker or groups of workers 
with whom they interact. These interactions have the capacity to result in movement 
between the two groups. In the next section, the model itself is described and in the 
final section the computational method employed to simulate the model is presented. 
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2.2 DESCRIPTION OF THE MODEL 
The model developed is based on the Bounded Confidence model studied 
previously by Deffuant and co-workers (see for example Deffuant et al, 2000 and 
Weisbuch et al, 2002). Whereas Deffuant et al. investigated “opinion” of individuals 
in a general sense, we look to specifically apply this approach to a worker’s behaviour 
related to workplace safety or, “safeness” levels. Through the model, the safeness level 
of each worker may be updated whenever workers interact, leading to dynamic 
changes in the overall safety behaviour of the workforce as a whole. 
Consider a workforce of n workers that will be represented by n agents in an 
agent-based model. We consider an individual worker’s safeness level to sit on a 
continuum between 0 (unsafe) and 1 (safe) and denote the safeness value of worker i 
at time t by !" # ∈ 0,1 , ( = 1,2…,. 
An example, for a workforce of 20 workers, is shown in Figure 3 with the 
safeness level of each of the workers shown as an “X” on the [0,1] continuum of 
safeness levels. The safeness of the workforce as a whole at some point in time can be 
pictured as a distribution, by plotting the histogram of the !" #  values as shown in 
Figure 4. 
 
Figure 3: "X"s denote the safeness levels of each of 20 workers in an example 
workforce, at some specific point in time. 
 
Figure 4: The safeness distribution of the hypothetical workforce shown in Figure 3. 
0 1
X XX X XX XX X XXXXXX X
0.
05
0.
15
0.
25
0.
35
0.
45
0.
55
0.
65
0.
75
0.
85
0.
95
0
2
4
6
0
1
4
0
2
3 3
5
1 1
Safety level
N
u
m
b
er
of
w
or
ke
rs
1
0 1
X XX X XX XX X XXXXXX X
0.
05
0.
15
0.
25
0.
35
0.
45
0.
55
0.
65
0.
75
0.
85
0.
95
0
2
4
6
0
1
4
0
2
3 3
5
1 1
Safety level
N
u
m
b
er
of
w
or
ke
rs
1
 Chapter 2: Individual-based model 17 
The changes in the safeness of workers is modelled by allowing them to 
interact in the agent-based model, with these interactions potentially resulting in 
changes of behaviour. Adapting the Bounded Confidence approach to mimic safety 
behaviour, we associate with each worker an uncertainty region, with radius u, about 
the worker’s current safeness level, as shown in Figure 5(a). The uncertainty region 
refers to the range of safeness levels, possessed by other workers, towards which an 
individual will consider modifying their behaviour. An example of three workers and 
how their uncertainty regions influence potential for behavioural change is shown in 
Figure 5(b). A narrow uncertainty region implies that only others of a similar mindset 
will influence a worker, whereas a wide uncertainty region means that peers, regardless 
of how differently they behave, can influence a worker. The model presented here uses 
a somewhat simplified assumption that all workers possess the same uncertainty region 
and relaxing this assumption presents one of the most promising avenues for further 
study with this model. 
 
Figure 5: (a) A worker's safeness level !" (black dot) with uncertainty region given 
by !" − /, !" + / , and (b) Safeness levels and uncertainty regions of Workers A, B, 
C. Here, A is influenced by B and C; B is influenced by A only; and C is influenced 
by A only. 
The model is used to mimic the workplace by investigating a series of 
interactions between workers at discrete time steps. Here we assume that each worker 
has a network of other workers with whom they interact each day. For this preliminary 
model, the network size, m, is constant and the same for each worker. We also assume 
that the set of workers that makes up the network of an individual does not change in 
composition over time. In the present research we initialise each worker’s network as 
a random selection of m workers from the workforce. 
Interactions between workers may lead to a change in the safeness level of both 
workers. Whether or not change occurs depends on whether the workers lie within 
2 Mathema ical model 4
u
xi
(a)
A
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C
(b)
Figure 1: (a) A worker’s uncertainty region is given by [xi   u, xi + u].
(b) Workers A, B, a C have afeness levels indicated by black dots and
uncertainty regions shown by the arrows on either side of the dot. A is
influenced by B and C; B is influenced only by A; C is influenced only by A.
2 Mathematical model
The model we develop is based on the bounded confidence model studied
previously by De↵uant and coworkers (see for example [7, 14]). Whereas
De↵uant et al. investigated ‘opinion’ of individuals in a general sense, we
look to specifically apply this approach to a worker’s behaviour related to
workplace safety or, ‘safeness’ levels. Through the model, the safeness level of
each worker may be updated whenever work rs interact, leading to dynamic
changes in the overall safety behaviour of the workforce as a whole.
Consider a workforce of n workers represented by n agents in an agent-
based model. We consider an individual worker’s safeness level to sit on a
continuum between 0 (unsafe) and 1 (safe) and denote the safeness value of
worker i at time t by xi(t) 2 [0, 1], i = 1, 2, . . . , n. We model changes in the
safeness of workers by allowing them to interact in the agent-based model,
with these interactions potentially resulting in changes of behaviour.
Associated with each worker is an uncertainty region, with radius u, about
the workers’ current safeness level. The uncertainty region refers to the range
of safeness levels, possessed by other workers, that an individual will consider
modifying their behaviour towards (see Figure 1). A narrow uncertainty
region implies that a worker will only be influenced by other workers of a
similar mindset, whereas a wide uncertainty region means that a worker is
easily influenced by their peers regardless of how di↵erently they behave.
The model presented here uses a somewhat simplified assumption that all
workers possess the same uncertainty region – and relaxing this assumption
presents one of the most promising avenues for further study with this model.
The model is used to mimic the workplace by investigating a series of
worker interactions at each time step. Here we assume that each worker
has a network of other workers with whom they interact each day. For this
preliminary model, the network size, m, is constant and the same for each
worker, and the set of workers that makes up the network of an individual
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each other’s uncertainty region. When two workers are within each other’s uncertainty 
region, the change in safeness levels of the two workers, say i and j, is given by !" # + 1 = !" # + µ !2 # − !"(#) , !2 # + 1 = !2 # + µ !" # − !2(#) . 
Here 5 ∈ [0,1] is called the convergence factor and it determines how strongly 
workers are predisposed to adapt to each other’s safety behaviour. For µ ≪ 1, 
individual workers are very slightly attracted to the behaviour of their co-worker, while 
for µ = 1, a worker will abandon their own style in favour of the safety habits of their 
colleague. 
The model proceeds by simulating worker interactions for a series of time steps 
that represent days of work. We track the safeness level of each individual worker over 
the period and investigate the resulting distribution of safeness levels of the entire 
workforce, over time. 
2.3 COMPUTATIONAL IMPLEMENTATION 
The current research uses MATLAB for the computational implementation of 
the model presented above. In Algorithm 1, we present pseudocode for the 
implementation of the model. 
INPUT n, m, u, mu, endtime 
%%{Randomly initialize x (safety levels) and coworker 
networks 
x = uniformrandom(n); 
coworkernetwork = randomselection(n,m,FROM x) 
 
FOR time = 1 to endtime %%loop over time 
 FOR i = 1 to n %%loop over all workers 
  FOR coworker = 1 to m %%loop over coworkers 
   j = coworkernetwork(worker,coworker) 
   IF abs(x(i)-x(j))<= u DO 
     x(i)=x(i)+mu(x(j)-x(i)) 
     x(j)=x(j)+mu(x(i)-x(j)) 
   ENDIF 
  ENDFOR 
 ENDFOR 
 xovertime(:,time) = x; 
ENDFOR 
RETURN xovertime 
Algorithm 1: Pseudocode for the basis of the worker interaction model. 
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The computational implementation proceeds by input of the workforce size, 
confidence region, convergence factor and length of time (work days) to simulate. Co-
worker networks are then generated randomly for each worker. The dynamic 
simulation proceeds by iterating one day at a time to allow each worker to interact with 
its network, and change safeness values whenever the two workers are within each 
other’s confidence region. 
In the Chapter 3, we present results of simulations using this base model to 
demonstrate the capability of the methodology. We then build on the base model to 
investigate more complex and realistic representations of the workplace interactions. 
2.4 SUMMARY 
Successful achievement of the first aim of this research, described in Section 1.5, 
has been demonstrated in this Chapter. In particular, a prototype agent-based model of 
worker safety dynamics has been developed. This prototype model will in the next 
Chapter be extended to investigate the effects of varying workforce size, co-worker 
network and the radius of uncertainty. The model will also be further developed to 
investigate the effects of particular workplace safety interventions. 
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Chapter 3: Computational simulation of the 
individual-based model 
3.1 OVERVIEW 
In this chapter we investigate the effect on the base model of varying the 
workforce size, varying the co-worker network and varying the radius of uncertainty 
within the co-worker network. Further, the base model is extended to investigate the 
effect of Safe Work Week as a proactive program coordinated by the Government and 
finally, we discuss the inclusion of safety advocates (such as unionised workers) into 
the population and how these interventions affect the safety levels of the worker 
population. 
3.2 COMPUTATIONAL SIMULATIONS 
In this section we investigate the effect to the base model of varying fundamental 
system parameters. Through computational simulations we specifically look at the 
capability of the fundamental model. We then extend the fundamental model and 
consider how the dynamics of workplace safety varies as a result of changes in 
workforce size. Further simulations were then carried out to investigate how workplace 
safety dynamics vary as a result of changes in the co-worker network size. And, finally, 
the fundamental model was further adapted to simulate the effects of varying the 
uncertainty radius. 
3.2.1 Preliminary investigation 
To demonstrate the capability of this fundamental model, we first present a 
representative simulation followed by an investigation of the impact of varying the 
size of the workforce, the extent of the co-worker networks, and the radius of 
uncertainty. The representative simulation, shown in Figure 6, is a single realization 
of the base model for worker safety.  
A workforce of 500 workers is allowed to undertake 5000 interactions per day 
(average 10 per worker per day) for a standard work year of 240 days, with an 
uncertainty radius of u = 0.25 and convergence factor of µ = 0.01. In Figure 6, the 
safety level is shown on the vertical axis while time extends from left to right along 
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the horizontal. Each individual line or path represents the safety level of an individual 
worker over time. Initially, workers’ safety levels are randomly assigned according to 
a uniform distribution on the interval [0,1]. Over time, the workers interact with each 
other and changes to their safety levels are affected. In this particular simulation, the 
workers’ safety levels converge to form two distinct safety groups such that after one 
year, there is a cluster of safer workers (around 0.7) and another cluster of less safe 
workers (around 0.3). Visually, a cluster is defined as a convergence of the lines 
representing worker safety levels. More formally, we define a cluster as existing when 
the safety levels of 2 or more workers remain within some neighbourhood of each for 
t greater than some given time point. In the 100 simulations carried out with this base 
parameter set, this result occurred on 78 occasions, with 15 simulations resulting in a 
single safety cluster, 6 simulations with 3 clusters and a single simulation resulting in 
4 clusters. 
 
Figure 6: An example simulation of the worker safety model showing the change 
over time in the safety levels of each of 500 workers for one work year. Each line 
represents the safety level changes of a single worker. 
The results of the simulation indicate that using this Bounded Confidence 
approach to modelling worker safety behaviour (and with this parameter set) results in 
clustering of workers into different levels of safety in their workplace activity. This 
information could be used to design targeted safety programs in the workplace. For 
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example, in the workplace shown in Figure 6, safety managers could design two 
separate safety programs – one for the safer workers and one for the workers in the 
cluster of more careless behavioural attributes – rather than a single generic approach. 
It should be kept in mind of course, that this model involves simulation of a 
probabilistic model. There is potentially an issue that the number of simulations carried 
out is insufficient to identify whether an event occurring a small number of times is 
actually “rare” or not. While it is beyond the scope of this work, it is possible to 
investigate such rare events using Monte Carlo methods (see for example Rubino and 
Tuffin, 2009). 
3.2.2 Effect of workforce size and the number of interactions 
Let us now consider how the dynamics of workplace safety varies due to changes 
in workforce size as well as the number of interactions which they are subject to. In 
particular, we consider workforce sizes of n = 25, 50, …, and 500 workers. Again we 
carry out 100 simulations of the model over 240 workdays for each workforce size, 
with uncertainty radius / = 0.25 and convergence factor 5 = 0.01. 
 
Figure 7: Effect of varying workforce size on the final number of clusters of workers 
for small interaction network. Shown is the mean number of clusters (black line) and +/− the standard deviation in the number of clusters, over 100 simulations of the 
model for a variety of workforce sizes, with 50 daily interactions. 
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Figure 8: Effect of varying workforce size on the final number of clusters of workers 
for mid-range interaction network. Shown is the mean number of clusters (black line) 
and +/−	the standard deviation in the number of clusters, over 100 simulations of 
the model for a variety of workforce sizes, with 500 daily interactions. 
 
Figure 9: Effect of varying workforce size on the final number of clusters of workers 
for large interaction network. Shown is the mean number of clusters (black line) and +/− the standard deviation in the number of clusters, over 100 simulations of the 
model for a variety of workforce sizes, with 5000 daily interactions. 
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For workplaces with small interaction networks, Figure 7 shows that as the 
workforce size increases the mean number of clusters formed by the workers increases 
also. The size of the workforce becomes too great for the amount of information 
sharing between workers, and the result is that workers cluster into many groups of 
different safety levels. On the other hand, for workplaces with greater numbers of 
interactions between workers each day, the sharing of information is far greater. As a 
result, small numbers of safety clusters can be maintained for even large workforces 
of 500, as shown in Figure 9.  
This result is important because it indicates that it is not simply consideration for 
the size of the workforce that is important in designing safety programs for workers. 
It is in fact the combination of workforce size and how much interaction occurs in the 
workplace. As a result, it may be inappropriate, or at least inefficient, to target 
workforces of different sizes, but the same behavioural change characteristics, with 
the same safety interventions. 
3.2.3 Effects of the co-worker network 
Simulations were carried out to investigate how workplace safety dynamics vary 
as a result of changes in the co-worker network size, m. We returned to the baseline 
workforce size of , = 500, and simulated safety dynamics with co-worker networks 
of size < = 50, 100,… ,1000, 1100,… ,1500, 2000 interactions. Again we carried out 
100 realisations of the model over 240 workdays with / = 0.25 and 5 = 0.01. 
In Figure 10 we see that varying the number of interactions per day between 
workers can have a significant effect on the safety clustering of the workforce. For 
limited interaction workforces (left of figure), workers maintain multiple safeness 
clusters. On the other hand, for workforces with higher numbers of interactions (centre 
and right of figure), the workers tend to mimic others behaviours, eventually settling 
to fewer safety clusters. 
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Figure 10: The effect of varying the interaction network size on the final number of 
clusters of workers. Shown is the mean number of clusters (black line) and +/− the 
standard deviation in the number of clusters, calculated over 100 simulations of the 
model for a variety of daily interaction network sizes. 
The implication here is that in order to target worker behaviours and attempt to change 
safety behaviour in the workforce, management must consider how interactive the 
workers are. In workforces where regular, high numbers of interactions occur, natural 
diffusion of ideas among workers can be harnessed as a tool to impact on safety 
behaviour. However, for workforces with limited numbers of worker interactions from 
day to day, more direct means of impacting safety behaviours will be required. 
3.2.4 Effect of the radius of uncertainty 
We also investigated the effects of varying the uncertainty radius, /, with values 
of 0.01, 0.02, …, 0.5. We again used the baseline values of a workforce size of , =500, co-worker networks of size < = 5000 interactions, and 5 = 0.01. For each 
radius value, 100 realisations of the model were carried out over 240 workdays. 
The simulations indicate that the number of safeness clusters formed over time 
by the interacting workers is approximately inversely related to / (see Figure 11). The 
workers are very selective about mimicking colleagues when their uncertainty region 
is narrow (left of figure), and we see less convergence in safety behaviours and a 
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greater number of safeness clusters. On the other hand, a worker with a wider 
uncertainty region is happy to interact with more workers and eventually, as / → 1, 
the number of safeness clusters approaches 1 (right of figure). 
 
Figure 11: The effect of varying the radius of uncertainty on the final number of 
clusters of workers. Shown is the mean number of clusters (black line) and +/− the 
standard deviation in the number of clusters, calculated over 100 simulations of the 
model for a variety of uncertainty radii. 
It is important to note that in Figures 7-11, where the number of clusters is high 
for a particular parameter combination, this is not simply due to simulations being cut 
short prior to convergence being achieved. Inspection of visualisations for individual 
workforce simulations (not shown here) confirm that these parameter sets lead to 
convergence in the workforce safety, but with more clusters of workers than for other 
parameter combinations. 
3.3 THE EFFECT OF SAFE WORK MONTH 
In achieving the vision of healthy, safe and productive working lives for 
Australian workers, Work, Health and Safety authorities around Australia have in the 
past set aside a specific week known as “Safe Work Week”. In 2013, this week was 
extended to a month and is known as “Safe Work Australia Month”. The events held 
during the month encourage working Australians to get involved and to raise 
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awareness of safety in their own workplaces. Each year is themed with, for example, 
2013 being: Safety is a frame of mind. Get the picture. During the month workers are 
asked to consider why they want to come home from work safely. Effectively, this is 
an attempt to inject greater awareness of safe and unsafe behaviours and to drive 
workers towards safer behaviours. 
In assisting in raising awareness, the State governments implement events and 
assist with industry implemented activities. These events and activities can range from 
breakfasts to safety awarded competitions. During 2013 as in previous years, the State 
Governments encourage workplaces involvements by registering as Safety 
Ambassadors. In 2012, 699 people were registered as Safety Ambassadors. The aim 
for 2013 was for 800 workers to register as Safety Ambassadors and organise safety 
awareness activities at work (Safe Work Australia, 2013). 
3.3.1 Computational simulations 
To consider Safe Work Month using the model developed in Chapter 2, it was 
necessary to make two modifications to the model. Specifically, we created a 
subpopulation of workers who were exposed to and impacted by the events and 
programs related to Safe Work Month, and we allowed for these workers to have their 
safety level increased by some amount due to the exposure and impact. Making 
variable modifications of this form allowed for a simulation-based investigation to be 
carried out to determine how Safe Work Month affected both the mean safety level of 
a given workforce as well as the resulting clustering of the workers. This second result 
was shown to be important in considering how to further intervene to change worker 
behaviour. 
The simulation-based investigation again involved carrying out 100 
computational simulations for each parameter set under consideration. We considered 
a workforce of 100 individuals with an interaction network of 1000 studied over a 240-
day period. All other parameters were as per the “representative” simulation discussed 
earlier in this Chapter. The newly introduced parameters were varied over the extent 
of realistic values with the size of the subpopulation affected by Safe Work Month 
being varied from 0% to 100% in 5% increments while the percentage increase in the 
safety level of those same workers being varied from 0% to 10% in increments of 
0.5%. The increase provided by Safe Work Month is introduced in the 9th month of 
the simulation in line with reality where Safe Work Month occurs in September. Here 
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we are interested in the immediate effects of the intervention on a short time scale and 
for this reason, simulations are restricted to a single work year. In order to consider 
longer periods of time, the model would require a number of additional assumptions 
and changes. 
 
Figure 12: Mean number of safety clusters of 100 workers after one work year for 
various combinations of the proportion of workers impacted by safe work month and 
the percentage increase in the safety level of workers due to safe work month 
impacts. 
Figure 12 illustrates the mean number of clusters formed by the 100 workers at 
the completion of the 240 day job simulation. Variation in the proportion of workers 
affected by Safe Work Month is shown horizontally, while the percentage increase in 
the safety level of those workers is presented vertically. The colour for a particular 
coordinate on the plot indicates the mean number of clusters in the workforce at the 
completion of the simulation over 100 simulations for that parameter set. For example, 
the deep maroon colour for a safety boost of 8% to 25% of the workers indicates that 
on average this parameter set produced a diversely spread safety level in the population 
of workers, with around 7 clusters appearing. 
The simulations indicate that the mean number of safety clusters falls when the 
proportion of workers impacted by Safe Work Month increases, especially when the 
impact on Safe Work-Aware workers is greater. This observation is important as it has 
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implications on how to deal with the safety of workers after Safe Work Month-like 
interventions. The simulations indicate that unless a significant proportion of the 
workforce is impacted by the intervention, the clustering of workers’ safety levels can 
still vary greatly.  
 
Figure 13 Mean safety level of the whole workforce after one work year for 
various combinations of the proportion of workers impacted by safe work month and 
the percentage increase in the safety level of workers due to safe work month 
impacts. 
Figure 13 is a plot of the same form as Figure 12, however here colour represents 
the mean safety level of the workforce at the conclusion of the job simulation (rather 
than mean number of clusters). The results here are not unsurprising in that the 
eventual average safeness of the workforce appears to be directly linearly dependent 
on the a) the proportion of workers impacted by Safe Work Month and b) the amount 
by which they are affected by the intervention. In itself this is a positive result as 
provides theoretical backing to the idea of Safe Work Month. 
3.4 THE INFLUENCE OF SAFETY ADVOCATES 
Safety advocates are considered those persons who “champion” safety at work 
for example, union delegates, workplace health and safety representatives and 
workplace health and safety officers. Organisations utilise these workers to mentor, 
 Chapter 3: Computational simulation of the individual-based model 31 
influence and lead behavioural changes in workers towards workplace safety. 
Sutherland et al., proffers that initiatives focusing on mentoring, coaching, and safety 
advocacy encourage individuals and groups to reflect and consider safety issues within 
their organisation and specifically areas of control. Cox and Jones (2006), iterate that 
behavioural safety programmes are born through learning, reinforcement and social 
influence such as model behaviours. 
An organisation’s utilisation of the influence of workplace safety advocates on 
a worker’s behavioural change and more globally the cultural change are forms of 
intervention strategies intended to improve safety within the workplace (DeJoy, 2005). 
It should be noted that the literature that could be found such as the findings of DeJoy 
(2005); Cox and Jones (2006) and others illustrate that the management of 
Corporations utilise safety advocates as a piece of their intervention strategies that are 
in place to meet the needs of improving safety within the workplace. To the writer’s 
knowledge this is the first time the effect of safety advocates on the behaviour of other 
worker colleagues will be modelled. 
3.4.1 Computational simulations 
Simulations in the previous sections of this Chapter have provided a preliminary 
investigation of the fundamental model and the effects of variations in workforce size, 
co-worker network and radius of uncertainty. The investigations were based on 
“normal” workers interacting “normally” with each other i.e. within a Bounded 
Confidence. Safety advocates, by definition, do not work within a Bounded 
Confidence – they interact with all workers and with any worker. 
To investigate safety advocates, the model of Chapter 2 was again modified. 
Specifically, a subpopulation of advocates was created who interacted with all workers 
and whose own safety level was unchangeable. The investigation again involved 
carrying out 100 simulations for each parameter set under consideration. We 
considered a workforce of 100 individuals with the interaction network size varied and 
studied over a 240-day period. All other parameters were as per the “representative” 
simulation discussed earlier in this Chapter. The number of advocates and the 
interaction network parameters were varied over the extent of realistic values with the 
proportion of advocates varied from 0% to 10% (that is, 0-10 advocates) while the 
interaction network varied from 0-2000. 
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Figure 14: Example simulation of the worker safety model with safety advocates 
showing the change over time in the safety levels of 100 workers (each line is one 
worker) for one work year. This simulated workforce includes 3% safety advocates 
(3 workers) and 500 worker interactions per day. 
 
Figure 15: Example simulation of the worker safety model with safety advocates 
showing the change over time in the safety levels of 100 workers (each line is one 
worker) for one work year. This simulated workforce includes 3% safety advocates 
(3 workers) and 1000 worker interactions per day. 
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Figure 16: Example simulation of the worker safety model with safety advocates 
showing the change over time in the safety levels of 100 workers (each line is one 
worker) for one work year. This simulated workforce includes 7% safety advocates 
(7 workers) and 1500 worker interactions per day. 
 
Figure 17: Example simulation of the worker safety model with safety advocates 
showing the change over time in the safety levels of 100 workers (each line is one 
worker) for one work year. This simulated workforce includes 10% safety advocates 
(10 workers) and 2000 worker interactions per day. 
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Figure 18: Mean number of clusters formed after one work year with various 
combinations of safety advocate populations and number of worksite interactions. 
 
Figure 19: Mean safety level after one work year with various combinations of safety 
advocate populations and number of worksite interactions. 
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Figure 14 to Figure 17 show representative simulations for a variety of 
combinations of the number of worksite interactions per day and the proportion of the 
workforce which acts as safety advocates. We see that even for very low proportions 
of safety advocates and worksite interactions, safety in the workplace is impacted 
positively with advocates drawing workers towards their safer practices both directly 
and indirectly through impact on other less safe workers who go on to interact with 
others. As the number of interactions per day increases and as the proportion of 
advocates increases, the effects on the safety of the workforce as a whole can be 
dramatically positive. If the simulations reflected in Figures 14 and 15 are allowed to 
run for longer than one year, convergence is also achieved for these parameter sets, a 
result that is somewhat different from that when safety advocates are absent. However, 
we note that extending considerations to beyond one work year would require a 
number of new assumptions and situations (for example, worker vacations, site 
closures, and so on) to be introduced to the model and these have not been considered 
in this work. 
Figure 18 shows the mean number of safety clusters formed after one work year 
for simulated workforces with various combinations of safety advocate proportions 
and number of worksite interactions. As expected, for worksites with low levels of 
worker interaction, the clustering of workers is not affected greatly by safety 
advocates. However, as the interaction levels increase, safety advocate proportions do 
play a role in clustering the workers (and toward safer practices as well). 
To complement these results, in Figure 19 we see the impact on the mean safety 
level of simulated workforces of various combinations of safety advocate proportions 
and number of worksite interactions. We see that for workforces with low levels of 
interaction between workers, there is some positive effect due to increasing the levels 
of safety advocates, however the payoff is low. With workforces with greater levels of 
interaction however, the payoff in increasing the proportion of workers which advocate 
for safety is quite marked. For example, with daily interactions at the 2000 level, an 
introduction of a single safety advocate to the workforce can increase the mean safety 
level from 0.5 to 0.7. All normal workers interact normally as per the base model i.e. 
within a Bounded Confidence. 
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3.5 SUMMARY 
In this Chapter, we have successfully achieved Aim 2 and 3 as described in 
Section 1.5. Specifically, the prototype agent-based model of worker safety dynamics 
developed in Chapter 2 was analysed under variations in key system parameters such 
as: varying the uncertainty radius, varying the co-worker network and varying the 
workforce size. This prototype model was then extended to investigate the impact of 
safety interventions such as “Safe Work Month” and the influence of safety advocates. 
The investigation of a safety intervention such as Australia’s Safe Work Month 
allowed us to consider changes in the mean level of clustering of workers and also the 
eventual safety level of the workforce overall when subjected to an intervention that 
boosted the safety level of a certain proportion of workers. Parameters for the 
proportion of the workforce affected and the amount by which they were affected were 
varied and the results considered. The clustering behaviour resulting from such an 
investigation was interesting in that high safety boost levels could result in both tightly 
clustered groups of workers and widely spread groups, depending on the proportion of 
workers who were impacted by the safety program. It is important to consider results 
such as these both for follow up safety interventions, and simply when considering the 
results regarding mean safety level itself. 
As one might expect, the simulations also indicated that following Safe Work 
Month, the eventual mean safety level of the workforce would linearly depend on both 
the proportion of workers impacted by the intervention and the amount by which their 
safety levels were increased. This supports the use of programs such as Safe Work 
Month, but also indicates the importance of exposing as much of the workforce as 
possible to the intervention. 
An investigation was also carried out to investigate mathematically how 
individuals and groups referred to as safety advocates may impact on workplace safety. 
These individuals, who would normally have very high safety levels themselves and 
be immune to change in their behaviour, hold special positions in the workforce 
allowing them to interact with and impact upon the behaviour of all workers. It was 
shown that even for very low numbers of safety advocates and worksite interactions, 
safety in the workplace is impacted positively. Advocates are able to draw other 
workers’ behaviours towards their safer practices. As the number of interactions per 
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day increases and as the proportion of advocates increases, the effects on the safety of 
the workforce as a whole can be dramatically positive.  
The impact on the mean safety level of simulated workforces of various 
combinations of safety advocate proportions and number of worksite interactions was 
also shown. When workforces exhibit low interaction levels between workers, positive 
effects are observed due to increasing the levels of safety advocates, but with limited 
impact. The payoff due to increasing the proportion of workers advocating for safety 
is much greater for workforces with greater levels of interaction however. 
Of course, many assumptions underpin these findings. One major assumption, is 
that of the Bounded Confidence model of human interactions, and this has not been 
applied to specific interactions regarding safety or safeness before. It should also be 
noted, especially for the investigation of safety advocates and their influence, that 
simulations have only been run for a single work year. Extending the investigation to 
longer periods of time introduces further complications that should be considered, and 
these have not been taken into account in this work. Also, there are many other models 
of dynamics of opinion, belief and behaviour, such as the relative agreement model, 
that may be more appropriate to apply to such a scenario. These are beyond the scope 
of this work but certainly open up avenues for future research work. 
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Chapter 4: A population model of 
workplace safety dynamics 
4.1 INTRODUCTION 
In this chapter, we present a model for workplace safety dynamics which is 
comprised of a system of ordinary differential equations (ODEs). We seek to treat 
worker interactions and the transfer of safe and non-safe behaviours in a manner 
analogous to the spread of an infectious disease in a population of humans or animals. 
As a result, the model resembles the familiar susceptible, infected, recovered (SIR) 
and susceptible, infected, susceptible (SIS) (see for example Kermack and 
McKendrick, 1927) type models of epidemiology. Rather than looking at the dynamics 
of an infection in a population, we investigate the change over time in the relative 
safeness of a workplace. Instead of considering populations of susceptible, infected 
and recovered individuals, we investigate workers who exhibit safe and unsafe 
behaviours. The work presented here is based on (and extends) the research published 
by Thew et al (2014). 
This model sees us depart from an individual based approach to modelling 
workplace safety dynamics, as introduced in the previous chapters. Here, we consider 
instead, populations of workers who are identified as having either a mostly safe or 
mostly unsafe approach to their work. Instead of a worker’s individual safety levels 
being treated as a continuum from unsafe to safe and being tracked over time, we look 
at the overall composition of the workforce in terms of its safeness. Adding to the 
complexity and the realism of the model, we allow for worker injuries and deaths and 
subsequently for recovery from injuries. The model constructed here is comprised of 
four ordinary differential equations, with one for each of the different worker sub-
populations. 
The analysis of the 4-ODE model is simplified, through a simple substitution 
that reduces the system to three equations, and further to only two equations by noting 
that the equations for safe workers and injured safe workers are independent of the 
number of injured unsafe workers. As a result, phase plane and stability analysis is 
possible, and these results are presented in the following sections. Specific numerical 
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solutions, using parameter values taken from the workplace safety literature, are also 
presented to demonstrate the usefulness of this model. 
4.2 MODEL DEVELOPMENT 
The approach to exploring workplace safety population dynamics used here is 
built upon the familiar SIR and SIS models of epidemiology (Kermack and 
McKendrick, 1927), which have also been exploited to model countless other 
phenomena since Kermack and McKendrick’s original work. Here, we start by 
constructing four differential equations for different worker subpopulations, as shown 
in equations (1)-(4) below. We denote the population of safe workers, unsafe workers, 
safe injured workers and unsafe injured workers by >(#), ?(#), @A(#) and @B(#). In 
modelling the dynamics of these subpopulations of workers, we consider five main 
interaction process, namely: 
1. new workers joining the workforce,  
2. safe workers making unsafe workers safe,  
3. unsafe workers making safe workers unsafe,  
4. worker deaths, injuries and removals, and 
5. the return to work of previously injured workers.  
Here, 2 and 3 represent the changes in worker behaviour due to interactions with other 
workers who are either more safe or unsafe than the original worker in question. We 
note that the fact that unsafe workers can return to the safe worker population only to 
have their behaviour change again in the future, means that the model is similar to an 
SIS epidemic model, and that “recovered” workers gain no immunity. 
The dynamics of these four sub-populations is proposed to be governed by the 
model equations 
 CACD = EA + FG>? − FH>? − FI> + FJ@A,     (1)	
 CBCD = EB − FG>? + FH>? − FK? + FL@B,     (2)	
 CMNCD = OAFI> − FJ@A,        (3)	
 CBCD = OBFK? − FL@B.        (4) 
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In equations (1)-(4), EA and EB represent the influx of new workers at constant rates. 
The parameters FG and FH are the rates at which unsafe workers are converted to safe 
behaviour and safe workers are converted to unsafe behaviour respectively, due to 
interactions with workers who behave in the opposite manner. The rate at which safe 
workers are fired, injured or die is denoted FI and FK is the rate of injury, death or 
firing for unsafe workers. The parameters OA and OB are the fractions of all injured, 
fired or dead workers who are only injured. Finally, FJ and FL are the rates at which 
injured workers return to work following injury. 
To close the model, we note that for any investigation of a given workplace, 
there would be an initial number of workers in each of these categories, such that 
 > 0 = >G, ? 0 = ?G, @A 0 = @GA, @B 0 = @GB.    (5) 
The analysis of the model is simplified by making an assumption that the workplace 
constantly replenishes its workforce to some constant level (a reasonable assumption). 
As such, we require	> + ? = PG, where PG is the constant uninjured workforce size. 
As a result of this assumption, the system of equations (1)-(4) is reduced to three 
equations, namely 
 CACD = EA + FG> PG − > − FH> PG − > − FI> + FJ@A,   (6) 
 CMNCD = OAFI> − FJ@A,        (7) 
 CMQCD = OBFK PG − > − FL@B,       (8) 
along with the initial conditions in (5). 
4.3 NUMERICAL SOLUTIONS 
In this section, we apply the model proposed in Section 4.2 to the Australian 
workforce over the 2008-2009 financial year and present resulting numerical solutions. 
Because we are primarily interested in the changes in worker safety behaviour, we 
focus on investigations regarding the behavioural change parameters FG and FH. In 
order to solve the model numerically, parameter values have been drawn from reports 
by Safe Work Australia (Safe Work Australia, 2012a) and the Australian Bureau of 
Statistics (Australian Bureau of Statistics, 2008(c)), and are presented in Table 3. 
We measure the rate at which workers leave the workforce, using the equation 
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FI 	+	FK 	= 	 fatalities + injuries + number	firedworkforce . 
The “durable return to work rate” (RTW rate) (Campbell Research and Consultancy, 
2009) states that on average, 72% of workers returned to work for more than 7 months 
after lodging a claim related to a workplace injury. We use this data to arrive at 
parameters FJ and FL. The O parameters are both ratios of number of workers injured 
to the number of workers who left the workforce. Thus we have 
OA + OB = injuredinjured + fired 	+ fatalities. 
As a simplifying assumption,  the recruitment parameters EA and EB, will be 
considered to be constants in this research. We consider the recruitment of new 
workers to be the difference in the number of workers leaving the workforce, and the 
number of workers returning to the workforce and hence we have EA + EB = PG FI + FK − FJ + FL . 
Parameter Value 
Workforce size 10658000 
Number of fatalities 254 
Injuries 153562 
Number fired 600000 EA + EB 364020 FI + FK 0.06626 FJ + FL 0.72 OA + OB 0.20371 
Table 3: Parameters for workplace safety model. 
To proceed with numerical solutions, a further difficulty arises. Specifically, 
determining the proportion of the population that is either safe or unsafe in its 
workplace behaviour. The literature is essentially devoid of information to inform this 
decision and as such we assume equal values for the initial number, recovery rates and 
recruitment of safe and unsafe workers. On the other hand, for the injury rates and ratio 
parameters, it seems sensible to bias unsafe workers. A number of ratios will be 
investigated and findings reported in the sections to follow. 
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(a) >G = 0, FG − FH = −1 (b) AdMdN = 1, FG − FH = −1 (c) @GA = 0, FG − FH = −1 
 
(d) >_0 = 0, FG − FH = 0 (e) 	AdMdN = 1, FG − FH = 0 (f) @GA = 0, FG − FH = 0 
 
(g) >G = 0, FG − FH = 1 (h) AdMdN = 1, FG − FH = 1 (i) @GA = 0, FG − FH = 1 
Figure 20: Numerical solutions of the model given by equations (1)-(4) using 
parameters taken from Table 3. The nine panels show variations in populations of 
safe workers (solid line), unsafe workers (dashed line), safe injured workers (dotted 
line) and unsafe injured workers (dot-dashed line) resulting from changes to the 
initial proportion of safe workers (left to right) and in the strength of conversion to 
safe/unsafe practise (top to bottom). 
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(a) >G = 0, FG − FH = −1 (b) AdMdN = 1, FG − FH = −1 (c) @GA = 0, FG − FH = −1 
 
(d) >G = 0, FG − FH = 0 (e) 	AdMdN = 1, FG − FH = 0 (f) @GA = 0, FG − FH = 0 
 
(g) >G = 0, FG − FH = 1 (h) AdMdN = 1, FG − FH = 1 (i) @GA = 0, FG − FH = 1 
Figure 21: Numerical solutions of the model given by equations (1)-(4) using 
parameters taken from Table 3. The nine panels, from the same simulations as Figure 
20, specifically focus on variations in populations of safe injured workers (solid line) 
and unsafe injured workers (dashed line) resulting from changes to the initial 
proportion of safe workers (left to right) and in the strength of conversion to 
safe/unsafe practice (top to bottom). 
Figure 20 presents the solutions of equations (1)-(4) for nine different 
combinations of initial conditions and bias regarding behavioural conversion. From 
left to right, the figures show solutions for workforces with initially all unsafe workers 
(a, d, g), then equally balanced initial populations (b, e, h), and finally workforces with 
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initially all safe workers (c, f, i). From top to bottom we see changes to the balance of 
the parameters k_0 and k_1, with the top row showing solutions where change to 
unsafe behaviours is biased (a-c), then where behavioural change is balanced (d-f) and 
finally where change to safe behaviour is biased (g-i). The populations of safe, unsafe, 
injured safe and injured unsafe workers are shown, however it should be noted that in 
certain instances some populations are so small that they are not seen on the scale 
shown. The pattern is repeated in Figure 21, however here we have zoomed in to show 
the populations of injured safe and unsafe workers more clearly. 
As would be expected, strongly biasing the behavioural change parameters in 
either direction (as shown in either a-c or g-i of Figure 20-Figure 21) can effectively 
wipe out the population against which the bias is affected. Interestingly though, and 
reflecting results found earlier with the individual based model, balanced behavioural 
change can lead to coexistence of the two types (safe and unsafe) workers. 
4.4 PHASE PLANE AND EQUILIBRIA 
To inform the discussion of this model of workplace safety dynamics, a more 
general understanding of the system is required. This can be informed by investigating 
the equilibria of the system and also its phase plane. Equations (6) or (7) are 
independent of the number of injured unsafe workers, and as a result the system of two 
ODEs for > and @A along with the associated phase plane can be considered in isolation. 
The solutions in the (>, @A) phase plane have slopes given by 
 CMNCA = fNghAigjMNkNlgdA mdiA ignA mdiA ighAlgjMN	, 
and the horizontal and vertical nullclines are given by 
 op: @A = fNghgj >	
 or: @A = gdigngj >I + gnmdlghigdmdgj > − kNgj. 
Equilibria of the system occur where the two nullclines intersect and hence occur 
where S satisfies 
 gdigngj >I + gnmdlghigdmdifNghgj > − kNgj = 0,  
noting that FJ cannot be zero. 
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As expected, we note with interest that the behaviour of the system is tightly 
linked to the balance of the safety conversion parameters FG and FH. For safety 
dominant workforces FH < FG, there are two real values for the equilibrium number of 
safe workers, only one of which is positive. For safety deficient workforces where FH > FG, the situation is more complex with potentially two, one, or zero physically 
realistic equilibria values for S depending upon the values of the other system 
parameters. When FG = FH, behaviour changes completely and there is only a single 
positive equilibrium value for safe workers. 
To provide some examples of possible solution behaviours, three specific phase 
planes are presented in  
Figure 22-Figure 24 constructed numerically using MATLAB.  
Figure 22 represents a safety dominant workforce where FG − FH = 0.01 > 0. 
That is, where workers are more likely to be converted from unsafe to safe behaviour 
than the reverse.  Here there are two possible equilibria, but only one physical state. 
For initial conditions in the positive quadrant, solutions always tend over time to a 
stable node with > ≈ 10, @A ≈ 3. 
Figure 23 displays the case of a safety deficient workforce where FG − FH =−0.01 < 0. Here we see two physically relevant steady states – one trivial and the 
other non-trivial – and the trivial steady state is globally stable. Physically speaking, 
this corresponds with a workforce that tends to have all of its workers not only become 
injured, but dead – obviously an unwanted scenario. It is interesting to note that it only 
requires a slight bias towards unsafe behaviour conversion when the initial populations 
of safe and unsafe workers are equal, to result in this situation. 
When FG − FH = 0, conversion between safe-unsafe and unsafe-safe behaviours 
is in balance. The phase plane for such a workplace is shown in Figure 24. We observe 
a single non-trivial physically relevant steady state and note that it is a stable node. 
The injured worker population quickly approaches the equilibrium value while the 
uninjured safe worker population does so at a slower pace. 
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Figure 22: Phase plane for equations (6)-(7). Parameter values from Table 3, with FG − FH = 0.01. Solution curves shown in blue and nullclines in purple and orange. 
 
Figure 23: Phase plane for equations (6)-(7). Parameter values from Table 3, with FG − FH = −0.01. Solution curves shown in blue and nullclines in dashed purple and 
orange. 
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Figure 24: Phase plane for equations (6)-(7). Parameter values from Table 3, with FG − FH = 0. Solution curves shown in blue and nullclines in dashed purple and 
orange. 
4.5 CONCLUSION 
This chapter has introduced a system of ODEs that model workplace safety 
dynamics at a population level. The model has been investigated through numerical 
solutions and by briefly investigating the phase plane of a reduce model numerically 
with MATLAB. Numerical solutions were calculated using real parameters taken from 
Safe Work Australia reports (Safe Work Australia, 2012b), and the Australian Bureau 
of Statistics (2008a, 2008b, 2008c). This satisfies achievement of the fourth and final 
aim of this thesis. 
By considering a constant workforce, it was possible to reduce the system of four 
equations down to only two: the number of workers exhibiting safe behaviour, and the 
number of injured workers who exhibited safe behaviour. The primary focus in the 
analysis was centred on a combination of the interaction rates, which created a measure 
of the strength of pressure for workers to convert to unsafe or safe behaviour. 
Numerical solutions were computed using MATLAB and parameter values 
reflecting the Australian workforce in the 2008-9 financial year. The numerical 
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analysis of the model specifically focussed on investigating how the population 
dynamics changed as a result of changes in the initial balance of safe and unsafe 
workers and changes in the balance of conversion to safe or unsafe work behaviour. 
The numerical results showed that biasing the behavioural change parameters in either 
direction can effectively wipe out the population of workers against which the bias is 
affected. In terms of effecting change in real workplaces, this is good news as, 
theoretically, it means that creating a bias in the way workers interact with each other 
(namely such that they push each other to be safer more often than not) it is possible 
to create a trend towards a safer workforce overall. It was also interesting to note that, 
similarly to the results found earlier in Chapter 3 when considering an individual based 
model, balanced behavioural change can lead to coexistence of the two types (safe and 
unsafe) workers. 
By considering the difference between safe to unsafe and unsafe to safe 
conversion parameters, it was possible to observe different physical behaviours that 
could arise in the model. Example phase planes were presented in  
Figure 22, Figure 23 and Figure 24 showing the eventual populations of safe and 
injured safe workers (and by implication, of unsafe workers) when the conversion 
parameters varied over safety dominant, safety deficient and balanced values. 
Importantly, it was shown that for an initially balanced population of safe and unsafe 
workers, only a very slight bias towards conversion to unsafe behaviour would result 
in the workforce “dying out”. On the other hand, balanced conversion and safety 
dominant workforces saw an equilibrium level of safe workers quickly developing. 
The size of the safe workforce could be increased by increased the bias towards unsafe 
to safe worker behaviour. 
The model developed in this chapter is quite elementary in its nature and draws 
an overly simplified parallel between worker behaviour change and an infectious 
disease. On the other hand, it provides an excellent foundation which incorporates the 
key features of workplace safety dynamics. In future work, the model developed here 
should be adapted so that the dynamics more appropriately reflect the realities of 
worker interactions as well as the way that these interactions alter safety behaviour. 
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Chapter 5: Discussion and conclusion 
5.1 DISCUSSION OF RESULTS 
We have presented an agent-based model of worker safety dynamics. The model 
is based on the Bounded Confidence model of opinion dynamics (Deffuant et al, 2002) 
and allows for investigation of the safeness of individual workers as well as the overall 
safety dynamics of the workforce.  
In the present research, we have considered how workplace safety is affected by 
changes in workforce size, co-worker network size, and the confidence that individuals 
have in their safety habits, by carrying out simulations of worker interactions and 
tracking the impact on safety behaviour of workers. It was observed that increasing the 
size of the workforce results in workers exhibiting stronger clustering and forming 
fewer safeness clusters. Increasing the co-worker network results in a change from one 
to multiple clusters of worker safeness. It was also observed that when the network is 
smaller, convergence to behavioural clusters is slower. We also found that the number 
of clusters of workers along the safeness continuum is roughly inversely proportional 
to the radius of uncertainty possessed by workers. 
The current research suggests that the safety characteristics of the workforce 
vary for differently sized workforces, different co-worker network sizes and different 
worker confidence levels, and as such should be taken into consideration when 
developing safety programs or interventions, as the one size fits all approach will not 
necessarily work for all workplaces. For example, the size of the workforce can 
produce vastly different clustering of workers. As a result, it may be inappropriate or 
at least inefficient to target workforces of different sizes, but the same behavioural 
change characteristics, with the same safety interventions. Also, there may be benefit 
in allowing managers of workplace safety to control how safety behaviour spreads in 
the workforce by controlling how workers interact with each other. 
We also incorporated simple safety intervention programs theoretically via an 
optimal control problem that seeks to minimise unsafe workers and the costs due to 
the safety interventions. 
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Our results focus on investigating the effects of varying the level of resourcing 
available to safety interventions, the initial ratio of safe to unsafe workers in the 
workforce, and the safe and unsafe behavioural transmission rates. We found that 
increasing the amount of resourcing to provide safety interventions is effective in 
reducing the unsafe worker population toward a stable level that is maintained with 
reduced levels of resourcing. We also found that for workforces with initially high 
proportions of safe workers, the impact of safety interventions is quite limited and 
perhaps not worth the cost of setting up such programs. This could be quite an 
important finding for industries that are known to have very few unsafe workers. In 
these workforces it may be more financially beneficial to add resources into ensuring 
the sustenance of a safe workforce. Finally, the investigation of the rates of conversion 
between safe and unsafe practices indicated that for workforces where the conversion 
to unsafe behaviour is very high, the safety interventions have little effect on the 
increasing unsafe worker populations. As such, again, the costs of imposing the type 
of simple interventions investigated here perhaps outweigh any benefits observed. 
5.2 CONCLUSIONS 
The primary goal of the OHS sector is to reduce the number of safety-related 
workplace incidents, so it is not surprising that substantial effort is directed towards 
finding the most at-risk industries. In Australia, two such industries are the 
construction industry and agricultural/logging industries. Additionally, inexperienced 
workers, including young workers are also classified as an at risk group for the OHS 
sector. Future research will adapt the modelling work carried out here to investigate 
such specific industries and worker cohorts. 
As with our hypotheses, we were successfully able to show, firstly, that the 
majority of like-minded workers towards health and safety in the workplace converged 
toward one another. Secondly, the number of workers within the primary group, i.e. 
those who have similar health and safety behaviours, separated into two distinct groups 
of approximate equal size. One group converged toward each other in changing their 
behaviour to advocating health and safety whereas the other group remained apathetic 
towards health and safety. Thirdly, overall the majority of workers converged towards 
changing their behaviour towards an extreme view of health and safety within the 
workplace.  
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We successfully achieved the first and second aims of the research by 
developing, presenting and describing a mathematical prototype agent-based model of 
worker safety dynamics, which was used to analyse the workplace dynamics under 
variations in key system parameters. The model was based on the Bounded Confidence 
model as a starting point. Further, the model was analysed to show how workplace 
dynamics were affected when varying key system parameters.  The results of this 
approach displayed clustering of workers into different levels of safety in their 
workplace activity, i.e. clusters of workers with little work safety behaviours to 
clusters of workers with greater work safety behaviours. As already discussed, this 
information can be quite valuable to an organisation, in that health and safety resources 
can be appropriately distributed to those areas most in need. Further, Senior 
Management can determine the appropriate “clustering” of staff to ensure a balanced 
mix of safe and “unsafe” workers. This information will also have the potential to 
inform the recruiting process. 
In the same way, the results of the simulations have shown that the larger the 
workforce the greater the mean number of clusters formed by the workers. Workers 
tend to converge towards others who have the same types of behaviours including 
health and safety behaviours. The research also showed that the sharing of safety 
information is far greater in workplaces where the number of safety consultation 
interactions is greater. These results are significant as it shows that organisations, when 
developing safety interventions, should consider not only the size of the workforce but 
also the degree of interaction that occurs between workers within the workforce. 
Aim 3 was successfully achieved when the prototype model was then further 
extended to investigate the impact of safety interventions such as “safe work month” 
and influential individuals, such as safety advocates, on workplace safety dynamics.  
The results of the investigation of a safety intervention such as Safe Work Month 
indicated significant positive changes to the health and safety behaviours of workers 
when workers were “injected” with a boost of safety. Organisations should consider 
these results and how interventions such as Safe Work Month would significantly 
affect their workforces. The results of the simulations supported the use of programs 
such as Safe Work Month but for the ultimate impact, organisations should consider 
exposing as many workers as possible to the intervention.  
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When understanding the impact of inputting safety advocates into the workforce, 
it is important to understand that it is within the nature of a safety advocate to interact 
with all workers and with any worker. These individuals normally have high safety 
levels that tend to be impervious to change. Within organisations, these workers tend 
to have positions in the workforce allowing them to interact with and impact upon the 
behaviour of all workers, for example, ‘health and safety representatives’.  
Simulations were undertaken to show the results of a comparison investigation. 
That is organisations can visually compare the effect of safety on their workers, using 
a model that contains no safety advocates to one where a percentage of the workforce 
are safety advocates. These results were quite promising in that the promotion of a safe 
workforce was greater even in organisations where there were fewer safety advocates. 
The results showed that as the number of interactions between workers and safety 
advocates, per day, increased the proportion of workers becoming safety advocates 
also increased, thus the effects on the safety of the workforce as a whole can be 
dramatically positive. 
Further, the outcomes after one work year where various combinations of safety 
advocate proportions interacted with workers at a number of differing worksites 
showed that lower levels of worker interactions brought around little or lesser health 
and safety effect by safety advocates. These results were unremarkable and expected.  
However, complimenting these results, figures were attained that showed that for 
workforces with low levels of interaction between workers, there is some positive 
effect due to increasing the levels of safety advocates, however the payoff is low. In 
comparison those workplaces where worker interactions are greater, the payoff is quite 
marked in increasing the proportion of workers which advocate for safety. These 
results, also, should be considered by organisations and can be significant to an 
organisation when determining work groups and the impact on imputing safety 
advocates into the work group.  
Our fourth aim was satisfied and achieved and the outcomes were as a result of 
a system of ODEs that modelled the dynamics of workplace safety at a population 
level. The model developed in this thesis is quite simple and elementary in its nature. 
There is considerable room, in future work, for this model to be further developed and 
adapted to appropriately reflect the realities of worker interactions and the way these 
interactions change safety behaviour positively or negatively.  
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From the discussions and conclusions of the chapters already presented it is 
apparent that to achieve increased safety behaviours within the workforce, a number 
of variables and health and safety interventions need to be considered. It is not 
sufficient to consider any of the presented information in isolation and there is scope 
for future research to group variables and safety interventions to enable organisations 
to achieve the best possible health and safety outcomes by applying resources in the 
appropriate areas.   
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